methane and increased hydrogen emissions in lactating dairy cows, but had no effect on 4 rumen archaeal community composition nor a significant change in the isotope 5 composition of methane. Methanomicrobium) was not affected by 3NOP, but the proportion of methanogens in the 42 total cell counts tended to be decreased by 3NOP. Prevotella spp., the predominant 43 bacterial genus in ruminal contents in this experiment, was also not affected by 3NOP. 44
INTRODUCTION 53
In the rumen, methane (CH 4 ) is an end product of microbial fermentation of 54 carbohydrates and amino acids. Methanogenesis is the major sink for hydrogen in the 55 rumen, but enteric CH 4 represents also a net feed energy loss for the animal (Johnson and 56 Johnson, 1995) and is a major contributor to agricultural greenhouse gas (GHG) 57 emissions globally (IPCC, 2014) . 58 Several reviews presented technical options for abatement of livestock GHG 59 emissions (Boadi et al., 2004; McAllister and Newbold, 2008; Hristov et al., 2013) . 60
These strategies focus on feeding management practices such as fat supplementation, 61 concentrate inclusion, processing low quality feeds, and improving overall forage quality, 62 as well as feed additives, such as alternative electron receptors, ionophoric antibiotics, 63 plant bioactive compounds, enzymes, and CH 4 inhibitors. 64
Amongst CH 4 inhibitors, bromochloromethane, 2-bromo-ethane sulfonate, and 65 chloroform are the most studied compounds in ruminants (Hristov et al., 2013) . Both in 66 vitro and in vivo experiments have demonstrated that these compounds were effective in 67 reducing CH 4 emission without negatively affecting animal productivity (Sawyer et (Hungate, 1966) , large 13 C-depletion is associated with stationary 88 growth, low metabolic rates, and low H 2 levels, whereas large D-depletion is associated 89 with high metabolic rate and high H 2 levels (Burke, 1993; Zyakun, 1996; Valentine et al., 90 2004; Wang et al., 2015) . 91 Therefore, one of the objectives of this study was to test if, in addition to 92 decreased CH 4 emission, 3NOP affects CH 4 isotope compositions due to changes in 93 physiology and/or environmental conditions for methanogenesis in lactating dairy cows. 94
The study also investigated the effect of 3NOP on rumen fermentation, ruminal microbial 95 profile, and production variables. We hypothesized that 3NOP would, similar to previous 96 experiments, decrease acetate to propionate ratio in ruminal fluid and, due to the large 97 A rumen cannula extension (fistula attachment; C-Lock, Inc.) was used to capture and 144 direct through GreenFeed rumen gas potentially leaking through the cannula. The cannula 145 extension consisted on an impermeable fabric covering the back and sides of the cow 146 with a tubing attached to it in close proximity of the rumen cannula and extending from 147 the cannula to the GreenFeed unit. The tubing was attached to a port that directed the 148 collected gas towards GreenFeed sensors. Constant negative pressure was maintained by 149 using a vacuum pump to withdraw gas from between the fabric sheet and the animal into 150 the tubing. The gas was then routed from the tubing and released into the GreenFeed air 151 collection pipe where total airflow and concentrations of CH 4 , CO 2 , and H 2 were 152 continuously measured. 153
Separate spot rumen gas samples were collected during experimental period 2 154 only through the rumen cannula using a sampling device described in Tekippe et al. 155 (2011) . Samples were collected once on d 13, between 3 and 4 h after feeding in 250-mL 156
Kimax glass serum bottles (Kimble Chase, Vineland, NJ) sealed with blue chlorobutyl 157 stoppers (Bellco, Vineland, NJ) and stored at room temperature until analyzed for 158 isotopic composition of CH 4 (Ono et al., 2014). Methane was extracted from rumen gas 159 samples using preparatory gas chromatography system equipped with a packed column 160 (Carboxen-1000, 152 cm length, 3.2 mm o.d.) at 30°C (Wang et al., 2015) . Isotopologue 161 ratios of purified CH 4 samples were measured using tunable infrared direct absorption 162 spectroscopy (TILDAS). The TILDAS measures isotopologue specific absorption in the 163 mid infrared (ca. 8. 
RESULTS AND DISCUSSION 232
Carbon dioxide emission was not affected by treatment, although there was a 233 numerical increase (P = 0.15) by about 4% for 3NOP (Table 2) . Methane emission was 234 decreased by 31% (P < 0.001), whereas H 2 emission increased substantially (P < 0.001) 235
for 3NOP compared with the control. When expressed per unit of DMI or milk yield, CH 4 236 emission was on average about 34% lower (P < 0.001) for 3NOP compared with the 237 control. These results are in agreement with our data from a larger production experiment 238 where 3NOP decreased CH 4 emission in dairy cows by an average of 29% (Hristov et Treatment had no effect on rumen pH, total VFA, propionate, isobutyrate, and 267 valerate concentrations (Table 3 ). There was no treatment × time of sampling interaction 268 (P ≥ 0.41) for the fermentation variables, except for isobutyrate and isovalerate 269 concentrations (P = 0.01). Examination of the data, however, showed no apparent trends 270 in the concentration of isobutyrate across sampling points and the concentration of 271 isovalerate was higher for 3NOP than the control for all sampling times. Supplementation 272 of 3NOP tended to decrease (P = 0.08) the concentration of acetate and to increase (P = 273 0.08) that of butyrate. The concentration of isovalerate was increased (P < 0.01), and 274 acetate to propionate ratio was decreased (P < 0.01) by 3NOP. The molar proportion of 275 acetate was decreased (P < 0.001) and those of propionate, butyrate, valerate, and 276 isovalerate were increased (P ≤ 0.005) by 3NOP compared with the control. 277
Concentration of ammonia in ruminal fluid was decreased (P < 0.02) and that of 278 dissolved H 2 appeared to be numerically increased (P = 0.27) by 3NOP. Methanogen and 279 bacterial cell counts in whole ruminal contents were not different (P ≥ 0.19) between 280 treatments but as proportion of the total counts, bacteria tended to be increased (P = 0.10) 281 and methanogens to be decreased (P = 0.07) by 3NOP. The dissolved H 2 data were extremely variable ( 
CONCLUSIONS 420
The CH 4 inhibitor tested in this experiment, 3-nitrooxypropanol, decreased enteric 421 CH 4 emission by 31% and decreased acetate:propionate ratio, increased molar 422
proportions of propionate and butyrate, and decreased ammonia concentration in ruminal 423 fluid of lactating dairy cows. The inhibitor had no effect on rumen archaea composition, 424 but tended to decrease the proportion of methanogen cell counts in whole ruminal 425 contents. In line with the lack of effect on rumen archaeal genus distribution, the isotopic 426 composition of CH 4 was similar between treatments. 427
428
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